The discovery of archetypal two-dimensional (2D) materials provides enormous opportunities in both fundamental breakthroughs and device applications, as evident by the research booming in graphene, atomically thin transition-metal chalcogenides, and few-layer black phosphorous in the past decade. Here, we report a new, large family of semiconducting dialkali-metal monochalcogenides (DMMCs) with an inherent A 2 X monolayer structure, in which two alkali sub-monolayers form hexagonal close packing and sandwich the triangular chalcogen atomic plane. Such unique lattice structure leads to extraordinary physical properties, such as good dynamical and thermal stability, visible to near-infrared light energy gap, high electron mobility (e.g. 1.87×10 4 cm 2 V −1 S −1 in K 2 O). Most strikingly, DMMC monolayers (MLs) host extended van Hove singularities near the valence band (VB) edge, which can be readily accessed by moderate hole doping of ∼ 1.0 × 10 13 cm −2 . Once the critical points are reached, DMMC MLs undergo spontaneous ferromagnetic transition when the top VBs become fully spin-polarized by strong exchange interactions. Such gate tunable magnetism in DMMC MLs are promising for exploring novel device concepts in spintronics, electronics and optoelectronics. *
I. INTRODUCTION
Although the critical importance of dimensionality in determining the extraordinary physical properties of low-dimension systems has long been recognized since Richard Feyman, the groundbreaking experiments on graphene [1] [2] [3] provide a fascinating platform for exploring exotic phenomena in a rather simple hexagonal lattice. After the gold rush of graphene, the search of new two-dimensional (2D) systems have received unparalleled attention in the hope of novel physical properties and prototype functionalities. However, despite the flourishing of 2D materials [4] [5] [6] [7] [8] [9] [10] , the majority of 2D researches remain heavily focusing on the archetypal systems of graphene [11] , transition-metal dichalcogenides (TMDCs) [12] [13] [14] [15] , and few-layer black phosphorus (BP) [16, 17] . These 2D paradigms share the common features of weak interlayer coupling by van der Waals interactions, good thermal stability at room temperature, and high charge carrier mobility. Nevertheless, very recently, there are emergent 2D materials with tempting physical properties beyond the aforementioned systems, such as the InSe family [18, 19] , 2D ferromagnetic van der Waals crystals [20, 21] , binary maingroup compounds with the BP-type puckering lattice [22] [23] [24] , and the huge family of carbide and nitride based transition metal MXenes, in which M represents transition metal cation and X is C or N anion, respectively [8, 25] .
Here, by using ab initio density functional calculations, we discover a large family of dialkali-metal monochalcogenides (DMMCs) with excellent dynamical and thermal stability, visible to near-infrared light energy gap, and very high electron mobility of exceeding 1.0 × A-X octahedral geometry centring the chalcogen dianion is general observed for the whole family, as presented in Fig. 1b for Na 2 O ML and in Supplementary Information (SI) Figure   S1 -S4 for the other 14 DMMC MLs.
Due to the intrinsic full oxidation state (+1) of Cs, the interlayer coupling between Cs subMLs is very weak, which only introduces marginal changes to the in-plane lattice constants. (Fig. 2b) , which is surprisingly lower than the value of 0.33 J/m 2 for graphene [28] . It has to been emphasized here that the lower exfoliation energy of bulk Cs 2 O, compared with MoS 2 (∼ 0.42 J/m 2 ) and graphite, is consistently obtained by different vdW correction methods, which is summarized in SI Table S1 .
To assess the dynamical stability, which is also crucial for the micro-exfoliation of Cs (weighted by green triangles), while the CBM is dominated by Na-3s (red squares). The electronic band structure undergoes a pronounced change when Na is replaced by Cs, whose strongly delocalized 5p orbitals induce significant density of states (DOS) away from the Γ point, which is still dominated by O-2p. As the energy of Cs-5p orbitals is ∼ 0.4 eV higher than the 2p orbitals of O, the inter p-orbital hybridization reverses the energy levels of VB1
and VB2 along the Γ − M direction. The resulting Cs 2 O ML is an indirect semiconductor with multiple VBMs centering the M points (Fig. 3b) . In general, for heavier cations of K, Rb and Cs, the inter p-orbital hybridization with chalcogen anions is prevailing, shifting 4
VBMs from Γ to the M point. As a result, except for Na 2 X (X=O, S, Se and Te), all DMMC MLs are indirect semiconductors. The inter p-orbital hybridization induced direct to indirect bandgap transition from Na 2 X to other A 2 X MLs has also been confirmed by the PBE method, as shown in SI Table S2 Charge carrier mobility is another critical parameter for the device performance of 2D material-based devices. As summarized in Table I as well as in SI Such spontaneous ferromagnetic ordering can be well understood by the Stoner model, which has been adopted to explain the so-called "d 0 ferromagnetism" in hole doped nitrides and oxides [33] . In this picture, ferromagnetism can spontaneously appear when the Stoner criterion U * g(E f ) >1 is satisfied, where U is the exchange interaction strength and g(E f ) is the DOS at the Fermi energy of non-magnetic state. In such condition, the energy gain by exchange interactions exceeds the loss in kinetic energy, and hence the system would favor a ferromagnetic ground state. We have confirmed that the U * g(E f ) of Cs 2 O is always larger than one above the critical doping level, indicating that the huge DOS associated with the van Hove singularity plays a key role in the occurrence of ferromagnetism.
In Fig. 4b and 4c , we plot the spin-polarized DOS of Cs 2 O with a doping level of n = 5.1 × 10 14 cm −2 . Compared with the undoped case (Fig. 3b) , the corresponding spin splitting process causes a significant energy shit of 0.1 eV between the spin-up and spindown bands, leaving the Fermi level cutting through only one spin channel. Such half-metal state allows fully spin-polarized transport, which is crucial for spintronics applications. It is fascinating that this half-metallic ferromagnetism can be reversibly switched on and off in a ∼1 nm thick atomic layer without extrinsic dopant and defects. Figure S8 -S11). The special case of Na 2 Te can be understood by insufficient DOS near the VBM, which is dominated by the 5p orbitals of Te. Due to much lower electron negativity, the 5p orbitals of Te are more delocalized than the other chalcogen elements. Consequently, the high dispersion of Te-5p reduce DOS near the VBM of Na 2 Te (SI Fig. S8 ), invalidating the Stoner criterion. We further evaluated the doping dependent Although alkali compounds are not very stable in air by reacting with ambient moisture, the excellent dynamical and thermal stability allows DMMC MLs to be exfoliated and encapsulated in glove box environment, which is now routine research facilities for studying air-sensitive 2D materials [16, 17, [19] [20] [21] . It is also feasible to grow DMMC MLs by molecular beam epitaxy or by chemical vapor deposition, with abundant options of single crystal 
